Interaction between simvastatin and metoprolol with respect to cardiac beta-adrenoceptor density, catecholamine levels and perioperative catecholamine requirements in cardiac surgery patients.
Beta-blockade is a standard cardiovascular therapy known to induce the up-regulation of beta-adrenoceptor density. Upon ligand-binding, beta-adrenoceptors are normally internalised via the arrestin pathway, and after dissociation they are re-inserted into the membrane. This means that at high catecholamine levels the adrenoceptor density is low and under beta-blockade it is high. The insertion of receptors into the membrane is often dependent on farnesylation processes that can be inhibited by statins. We carried out a prospective, controlled, observational study to determine whether beta-blockade-induced up-regulation of beta-adrenoceptor density is attenuated by statin therapy and whether this would subsequently affect catecholamine consumption during surgery. We obtained pre-operative blood samples and intra-operative biopsies of the right atrial appendage from 39 patients (age: 65+/-5 years; BMI: 28+/-1) undergoing coronary bypass surgery with or without simvastatin (20 mg/day) therapy and with or without concomitant metoprolol therapy (50 mg/day). The atrial tissue was used for radioligand-binding studies with (-)-[125I]-iodocyanopindolol (ICYP) and for assessment of the beta-adrenoceptor subtype distribution following standard protocols. In the blood samples, plasma adrenaline and noradrenaline concentrations were determined using HPLC. In all tissue samples, we found a total beta-adrenoceptor density of 38+/-4 fmol/mg protein in untreated controls; this which was up-regulated to 55+/-5 fmol/mg protein in patients receiving metoprolol. This increase in receptor number was nearly prevented completely by simvastatin therapy (42+/-5 fmol/mg protein). The up-regulation could be attributed to increases in the beta1-adrenoceptor subtype. In contrast, simvastatin alone had no effect on beta-adrenoceptor density. Pre-operative adrenaline levels were slightly reduced in all drug therapy groups (nonsignificant differences), while the levels noradrenaline were not significantly different among the groups. With respect to the perioperative catecholamine requirements, patients on metoprolol needed significantly less dopamine than control patients, while patients undergoing simvastatin/metoprolol therapy needed as much as the controls. The post-operative total catecholamine requirements were not different among the four groups of patients. There were no differences in plasma metoprolol concentration between patients receiving metoprolol alone and those receiving a combination of metoprolol and simvastatin. Simvastatin therapy seems to counter-regulate the up-regulation of beta-adrenoceptor density. In the up-regulated state induced by metoprolol therapy, the patients seemed to need less catecholamines during cardiac surgery, which may be due to the higher number of beta-adrenoceptors. Additional simvastatin therapy did not reduce post-operative catecholamine consumption.